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Remarks 

Claims 83-86 have been canceled to facilitate prosecution. Applicants reserve the right to 
file these claims in continuing or divisional applications. 

Claims 41, 66, SO, 81 and 82 have been amended to correct typographical errors. Claim 
5 1 has been amended to correct dependency. Claims 87-96 have been added for methods of 
treating a glioblastoma in a subject. Support for these claims can be found in claims 41 , 66, 80, 
81 and 82 of the preliminary amendment filed on January 11, 2002 along with the application as 
originally filed at least at the paragraph spanning pages 37-38, the paragraph spanning pages 39- 
40 and claim 7, No new matter is entered by way of these amendments. 

Double Patenting 

A terminal disclaimer is submitted herewith. Applicants respectfully request withdrawal 
of this rejection. 

Rejection Under 35 U.S.C. § 112, First Paragraph, Enablement 

Claims 41-45, 49-51, 56, 58, 59, 61, 63-73, 75 and 77-82 were rejected for allegedly 
lacking enablement for treatment, of a broad genus of disorders. Applicants traverse this 
rejection. 

In a recent decision by the Board of Patent Appeals and interferences (Appeal No. 2006- 
2149), the Board overturned a similar rejection and noted that to comply with 35 U.S.C. § 1 12, 
first paragraph, it is not necessary to "enable one of ordinary skill in the art to make and use a 
perfected, commercially viable embodiment absent a claim limitation to that effect," ( quoting, 
CFMT. hxc, v. Yieldup Inl'l Corp., 349 F.3d 1333, 1338 (Fed. Cir. 2003}). In addition, as set 
forth in MPEF § 2164.01(c), "the applicant need not demonstrate that the invention is completely 
safe." However, this is what the Examiner appears to require. 

The Board in Appeal No. 2006-2.149 also noted that, as set forth in In re Bmna, 
"| "usefulness in patent law, and in particular in the context of pharmaceutical inventions, 
necessarily includes the expectation of further research and development. The stage at which an 
invention in this field becomes useful is well before it is ready to be administered to humans." 
(quoting In re Bmna, 51 F.3d 1560, 1 568 (Fed. Cir. 1995)). (While the court in In re Brana 
referred to "usefulness," the rejection on appeal was for nonenabieroeni.) In In re Caririgkt 1 65 
F.3d 1353 (Fed. Cir, 1990)> 'the- court- held that '"elahxts to a method of 'treating scalp baldness' 
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could be enabled even if the method did not produce a full head of hair." The fact that 
experimentation may be complex does not necessarily make it undue, if the art typically engages 
in such experimentation. In re Certain Limited-Charge Celt Culture Micmcarriers, 221 U.S.P.Q. 
1165, 1174 (Int'l Trade Coram 'n 1983); Massachusetts Institute of Technology v. A.B Portia, 
774 F.2d 1104 (Fed. Cir. 1 985). See also In re Wands, 858 F,2d at 731, 737 (Fed. Cir. 19S8). 

The Examiner's attention is also drawn to the tact that "[enablement does not require the 
inventor to foresee every means of implementing an invention at pains of losing his patent 
franchise. Were it otherwise, claimed inventions would not include improved modes of 
practicing those inventions. Such narrow patent rights would rapidly become worthless as new 
modes of practicing the invention developed, and. the invention would lose the benefit of the 
patent bargain." Invitrogen Corp. v. Clonteck Labs., 429 F.3d 1052 (Fed. Cir. 2005). The 
adequacy of a specification's description is not necessarily defeated by the .need for some 
experimentation to determine the properties of a claimed product. See Enzo Biochem, Inc. v. 
Gen-Probe Inc.,. 63 U.S.P.Q.2d i 609, 1614 (Fed. Cir. 2002). As held by invitrogen Corp. v. 
ClmtechLabs and Johns Hopkins Univ. v. CellPro, Inc., the enablement requirement is met if 
the description enables any mode of making and using the invention. Invitrogen Corp, v. 
Chmech.Labs., 429 F.3d 1052 (Fed. Cir. 2005); Johns Hopkins Univ. v. CellPro, Inc., 152 FJd 
1342 (Fed. Cir, 1998). Thus the standard of enablement has been met by the applicant. For 
example, the specification at Example 9 describes transduction and intratomoral spreading of the 
viral vectors defined by the claims in vivo. Furthermore, the declaration by Dr. NoriyuM 
Kasahara describes the manner in which one skilled in the art can make and use the methods 
defined by the claims based on the disclosure provided in the present application and the high 
level of skill in the art. The earlier filed declaration supports enablement for treatment of a eel! 
proliferativve disorder in a subject. Thus, the claims of tire present application are enabled. The 
legal requirement is not to prove enablement for each and every species that may fall within the 
scope of the claim. Further, patent applicants are not required to disclose every species 
encompassed by their claims, even in an unpredictable art In re Vaeck, 947 F.2d 488, (Fed. Cir. 
1991). Submitted herewith is a recent publication by Dr. Noriyuki Kasahara demonstrating that 
RCR vectors comprising the OFF marker gene delivered via the bloodstream selectively target 
tumor cells in the liver while sparing normal hepatoeytes and without dissemination to 
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extrahepaiic normal tissues. (Hsraoka et ah, Clinical Cancer Research 12:7308-16 (2006), 
attached). The experiments were performed in vivo in a mouse model of late-stage colorectal 
cancer undergoing multifocal metastases to the liver. Also submitted herewith are data extracted 
from a. manuscript recently submitted for publication showing that in the same mouse model 
RCR vectors comprising cytosine deaminase, a suicide gene, can selectively target tumor cells 
resulting in significant tumor inhibition (see. Attachment A). Hie construction of the ACE-CD 
virus was set forth in Dr. Kasahara -s earlier fried declaration. These data provide additional 
support that one of skill in the art could make and use the claimed viral vectors described in the 
specification. Applicants respectfully request reconsideration and withdrawal of this rejection 
based on the discussion above in view of the arguments provided in the previous replies to office 
actions and the earlier filed declaration of Dr. Noriyuki Kasahara. 

Applicants also note that new claims 87-91 are directed to treating glioblastomas in a 
subject., which the Examiner concedes was addressed by Dr, Kasahara' s declaration. See the 
Office Action at page 5, At a minimum. Applicants request allowance of these claims. 
Applicants also request reconsideration and allowance of claims 41-46. 49-51, 56, 58-59, 61, 63- 
73, 75 and 77-82. 

The fees for filing a Request for Continued Examination are being concurrently herewith 
on the Electronic Filing System (EFS) by way of Deposit Account authorization. Please apply 
any other charges or credits to deposit account 06-1050. 

Respectfully submitted, 
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This figure shows the effect of 5-fluorooracU (5FC) after locoregional delivery of replication- 
competent retrovirus (RCR)in orthotopic multifocal liver metastasis model On day 3 after 
tumor establishment, 2 x 10'' TU ACE-CD virus supernatant was infused via the portal 
circulation, and, the mice were analyzed by optical biolumineseence imaging on days 7, 14, 21 , 
and 28. Intraperitoneal 5FC administration (500mg/kg, twice a day) was started on day 14 (ACE- 
CD + 5FC group). Control groups received no vector (untreated) or received vector followed by 
PBS instead of prodrug (ACE-CD + PBS). The average signal intensity of ACE-CD + 5FC 
treated mice was significantly weaker than that in control mice (P < 0.05) at day 28 after tumor 
ceil inoculation (left panels). Each row of images to the right of the graphs show representative 
imaging results from each group of the same animal at different time points (right panels). 
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Tumor-Selective Gene Expression in a Hepatic Metastasis Mode! 
after Locoregional Delivery of a Replication-Competent 
Retrovirus Vector 

Kei Hiraoka,Takah!ro Ktmura, Christopher R. Logg, and Noriyuks Kasahara 

Abstract Purpose: Repiicatftn-ccmoetent retrovirus <RCR) vectors have been shown to achieve highly 
efficient and tumor- restricted re-plicative spread and gene transfer in vivo after direct trwatwnofal 
injection m a variety of primary cancer models. In this setting the intrinsic inability ol retroviruses 
to intact postmitotic norms! ceils, combined with their unique ability to persist through stable 
intngfiition. allow further transduction of ectopic tumor foci as the infected cancer calls nugsste. 
However, i.v. delivery of RCR vectors has never been tested previously, particularly in an immuno- 
competent tumor mode!. 

Experimental Design : We combined optical imaging, flow cytometry, and molecular analysis to 
monitor RCR vector spread after administration via locoregksnal infusion in a hepatic metastasis 
mode! of colorectal cancer. 

Results: Robust RCR replication was first confirmed in both human WiOr and murine CT26. 
colorectal cancer ceils in vino, with transduction levels reaching >90% in C12 days after vims ino- 
■.. eolation at multiplicities of infection of 0.01 to 0.1. //> vivo, 'infusion of RCR su»ematant : ; ir>tp'th«!. 
porta; circulation resulted in progressive and significant transduction of snuitsfocai intrahepatic. 
CT26 tumors in syngeneic mica, averaging about 30% but with up to 60% transduction ft some 
tumors within 4 weeks. However. imn>unohtstochemistry and quantitative PCR analysis showed 
no evidence of RCR spread to adjacent normal liver or to any other norma: tissues. 
Conclusions: Our results thus show that focoregional infos loo of RCR vectors can be used to 
deliver therapeutic genes selectively to tumor ceils in the liver while sparing normal hepstocytes 
and without dissemination to extrahepatic normal tissues. 



Colorectal cancer is still one of the leading causes of cancer- 
related death (t). The liver is the most common site of distant 
metastasis due to the direct flow of blood from the intestinal 
uaci to site liver via the porta! system., and liver metastases will 
develop in 60% of patients with colorectal cancer. Of these, 
surgical resection may result in long-term survival or aire in 
30% who present without metastasis to extrahepatic sites. 
However, the 3-year survival rate after surgical resection 
remains only about 30% cine to she high frequency of 
recurrence alter hepatic resection (2- 4) 

•ii clinical ui.il:-, c>f gene therapy for cancel, among the most 
cotmnonly used gene cicfo-eiy vehicles have been replication- 
defective tcuovirai vectors; however, transduction efficiencies 
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have been insufficient tor diokial use doe to the inability of 
replication -defective viral vectors to diffuse throughout the; 
entire tumor mass (5, {>}. Current strategies to improve tumor 
transduction efficiency include the use of replication -competent 
Instead of replication-defective viral vectors. Theoretically, the 
use of replicating viruses would he more efficient, as each 
transduced tumor ceil will itself become a producer cell, 
generating snore viral progeny, thereby amplifying die effec t of 
the initial inoculum. A variety of tumors selectively replicating 
oncolytic viruses are being developed for oncolytic virotherapy 
of various solid cancers. However, although clinkai toai:- have 
shown some efficacy and safety - 7 -- 12) the possibility of 
premature clearance by immune responses (I.v '■•'■} or 
nonspecific replication hi norm.d ceiN (!:>■- 17) stiii needs tit 
he more thoroughly evaluated. 

Replication -competent retrovirus {RCR} vectors of the type 
used in she present study have been developed based on 
taurine leukemia virus (MIA'} as a novel vehicle for cancer gene 
therapy {IS- 20}. Ihese vectors have been found to be highly 
stable, capable, of replicating without observable deletions 
through multiple serial infection cycles its culture (20) and can 
achieve highly efficient gene ddivety to solid tumors in viva 
{18}. We- have shown previously shall, whereas transduction 
efficiency of replication-defective wild-type MLV vector was 
only 1.2%, RCR vector could achieve >D0% transduction of :..c 
injected glioma with almost same titer of virus (21 j. Compared 
with other replicating virus systems, RCR vectors exhibit unique 
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characteristics, indutfing inixinsic selectivity for actively divid- 
ing ceils and noticytolyttc replication leading to stable 
imitation in the target cell. These properties contribute to 
selective and persistent replication in tumors, and we. and 
others have shown previously that RCR vectors could achieve 
efficient and tMinoi-re»triC5«l gene transfer and propagation, 
resulting in stgnt.Ocant therapeutic benefit after direct intra- 
tumoral injection (2; - 24}. 

Whereas direct intratumoral injections could be used 
clinically for gene delivery ;o a few localized tumor foci, for 
example by intrasoutKl-guidas percutaneous injection in the 
context of metastatic spread of colorectal cancer to the liver, a 
more practical solution fen' multifocal metastatic disease might 
be focoregional infusion of virus vectors via portal vein or 
hepatic artery. In previous studies, although significant 
therapeutic efficacy has been reported after ioeoregion.a! 
Infusion of retrovirus producer ceils for immunocyiokine gene 
transfer {25}, the actual transduction efficiency with replica- 
tion defective retrovirus vector supernatant (4 x 10 s to 5 x iff 
total colony- forming units} has beets reported to be <5% in 0% 
to 2%. of metastatic tumors, and even with infusion of vires 
producer cells, the median transduction efficiency was reported 
to be on the order of 5% to 10% of tumor ceils within a gsvt n 
lesion (25). Therefore, in the present study, we tested the repli- 
cation kinetics, transduction efficiency, and tumor-seieeth'tty of 
RCR vectors by locoregionai administration via the porta! 
system in a syngeneic mouse model of intrahepatic multifocal 
colorectal cancer metastasis. This represents the first study to 
examine iocoregkma) delivery of RCR vectors, as well as the use 
of this vector system in an orthotopic rnodei of gastrointestinal 
cancer, and the first use of optical imaging to monitor the spread 
of RCR vector spread in aim . 



Materials and Methods 

Cell Urns ami RCR vector pUwmd. Transformed human embryonic 
kidney cell line 2931, human colon adenocarcinoma ceil hue WiDr, 
and BAUi/c-derived murine colon adenocarcinoma cell fine Cf'2b were 
obtained from American Type Culture Collection (Manassas. VA) and 
maintained in a humidified atmosphere with lls-ii CO,! it) DMP.M. 
MEM, and &PMX I MO, respectively each supplemented •with lOW-featf 
hovine serum and l% penuilbB-strepromydn. 

The plasmht pACR-Ci-'i' has been described previously {21} and is a 
modification ot RCR vector plasmki pAZE-CFP. which eomaias a full- 
length replieadomcorapetein ampim tropic Mt.V ptovh'te. with an JRES- 
GFP cassette inserted between tin- »• gene and 3' -untranslated region 
{ 20), In pACii-CFP. the U3 region of the 5' long iermina! repeat was 
replaced by the cytomegalovirus promote to increase the initial level of 
viral niRNA transcription and KCB vector production on transient 
iransfection of the piasasid. To develop pACB-CD. the IRlhS-GFf' 
cassette of pACe-GP? was replaced with an IPKS-CD cassette, which was 
amplified by PGR from the piasasid pCR-Biunt-CD. kindly provided by 
Or, P. Roy-Burman (Department ot Pathology University of Southern 
California, los Angeles. C.:A), 

Virus production,. o'rer dfilrrnthiution, und analyst* (if rap/karfen 
kinetics its vitro. For production of the AGB-GFPvtms. ;«>3T tciis were 
transiendy translected with plasmid pACk-OH- using LipofecoiMi.NL 
2000 (fnviitoseu Life Teehnobacyies, Carhb.i-.l CA) and replenished 
with serum-free medium S hoitrs aftej transfettkm. After incubation for 

through a OaiS-pm syringe filter, and stored iroxst; at -80*C. boiybrene 
(4 ;py/r«b: Sigma. St. Louis, MO} was added tor all Infections In enlmre. 
To determine viral titers, a preeounted number of cells were infected 



with serial dilutions of viral supernatant, incubated ior 24 hours, she: 
which 50 ;iino!..T. 3'.-si2ido-3'-det*xy«)yr»idine (Sigma) was added to 
prevent virus spread. After an additional 24 hoars, the cells were 
trypsiniaed and analyzed ior green fluorescent protein (0!-?} expression 
on a Conker EPICS (low cytometer (Seckman Coulter. Pullertow. CA), 
The viral titer was calculated as described previously (21} and 
represented as transducing units (TU) per milliliter. 

Por analysis nf replieatton kinetics in colorectal cancer tells w vitro. 
vims vector stock as atuJtiplirity of infection (MO!) of 0.0 1 or 0.1 was 
used to infect WiDr or CD 6 celis at 20% confeiency. At serial time 
'points after vim* infection, the cells were trypsin feed, one fourth was 
repht d irn P», ' t ) j > in i f ><• )i o moOi 1 

cytometry. When the CT2b ceils had reached ~ 100% transduction with 
ACE-GbR, this stably transduced cell population (CT26.CJ-T} was 
maintained for farther experiment*. 

to vtoo <ytotAKu-.it>' assay. Ceti viability was determined using a 
teuazolitjm by, conversion hide- Ttlirnftltyidiiaati- 2-yS}-S-(S-cart«}x- 
ynaethoxyphenyl)-:H4-suSfophenyl}-2Tl-tet.raaoiium salt (MTS}J assay 
(Protaega, Madison, Wf). To assess dntg cytotoxicity, triplicate weirs 
containing Ci'26 or WiDr cells (2 x 30 3 per well) were, cultured in W~ 
wsii plates wirh 3 romol/l. 5 iioorocytosbte (bi'C). Ots day 5, dye 

Ae 2 hones of reaction at 37*C Cytotoxicity was detennioeU by 
caletilaiinn of the absmbance of viable ceils as measured against wells 
coittaitting no SVC. Drug cytotoxicity «cpcrintcms were eonfinned or; 
each transduced cell line In at least three independent, espeoments. 

Subcutaneous turner and orthotopic Umi metwwis models. Sfe-ao 
eight- v;eek-oid ietnale nude mice (Charles River Laboratories, inc.. 



has Angeles •iit'.'.i.Aj Division of i : xpe«raenta! 
animal feeiUlyj were hted and tnaititaitted 
instiuttional gtiideiines under specific pathogen 
all studies were conducted untie? protocols ap> 
Atiimai Research Committee. 

for $,c. minor models, cell suspensions of Wip 
Cm (5. x lOVKKi .at.} in HBSS were ir.je«ftd 
Hanks of nude mice or BALB/c tt)ke. retjxxtiveiy. 
CIV (I x 10* TU/SOO (»J,) was given by direet h 
and the tumors were dissected at different, tune r 
To establish a standard curve for fluorescettce it 
uninfected parental CT26 celis were mixed wit 
variotis ratios (0-1 00%}. and these C'i'.sb sell mist 
TOO ni, iiSSS were s c injects into each mouse. 
s.c. tumors were excised and analysed by tlnoresct 
OTomeirj-' as described baiow. 

Asytrgeneic mouse modei of coiorecta! cancer 
wss also estahbsbed w described previoosl; 
modifications, by inlusion of tumor ceils into 
mtraspieme injection, briefly, after tttaking a It 
under isofluraae anestivesia, Cf 26 tumor ceils ( 
HBSS were iwKulated by intraspletnc injection 
needle followed fey harnrsstasis lor 5 rnimties and 
days aftet turner ceil inoculation, following arte 
laparotomy, ACE-GFP vector (2 >■ if) ' TU/200 p 
iiitraspirak injection, after which splenectomy «t 
(jiptfea; imaging ami fhim cytmwlrie matym t 
ill vivo. GPP tluorescetica -n s.c and bvet tunsoo 
time points, as well as other exsratnmoral normal 
by optica! uu^dng using a Xetioge.n-J.VJS cooled 
rxettogen iV'hS, Alameda, CA). Gray-scale hack, 
images of the tissues were overlaid with cole 
fluorescent hsdsi usieg lavjug image software (1 
PRO Imajje analysis software f Wave Metrics, bita 
r-oilowiug optical iiunging. tumors were mn 
tissue was removed wider sterile conditions. St 
with coliagenasij/dtspase (S mgfmU Roche Ida 
Germany) by iofailtation for 2 hours at d'A'C am 
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were passed through s lOO-pm ceil steamer, pelleted by tow speed 
centrifugatiort. and resuspended In PBS. Half of the ceils were analyzed 
by flow cytometry to former ouarRitais GPP expression, and the 

tmwwtohhwkemkai aiudysk. Li vet* boxen in ornithine cubsunyi 
tram.krase (Sakura TeJt, Torrance. CA) vveta cryosectioned (10 jun) a: 
four different, levels and fixed with -5% paraformaldehyde for 10 
minutes. All incubations were done at room temperature. After 
endogenous peroxidase activity was blocked with 3% hydrogen 
peroxide foj to minutes, the slides were washed, and nonspecific 
binding was blocked with i0% norma! goat serum for 30 minutes. 
Tissue sections wen; then incubated with rabbit anii-GF!' polyclonal 
antibody (Abeam, inc., Cambridge MA) diluted !:lQ0widi 1% bovine 
scris!) albumin for 90 minutes, washed in i'BS followed by bloiinylated 
scomsdatyandbody. svidm-Oiotm dorscojGtsh peroxidase complex., and 
diaiinnoberv.-.idfsie substrate according to the manufacturer's specifica- 
tions (Veciastsin avidm-hintm complex method Elite kit. Vector 
Laboratories, Jfturlingtttne. CA}, couriterstained with Hematoxylin QS 
(Wxtor Laboratories), and (nouoted. 

Quantitative real-time PCH analysis of vector biodhenbuikm, 
Genomic DMA was isolated from excised tissues (liver tumor, lung, 
Sinai! intestine, colon, kidney, and bone marrow) of transduced and 
untrarisduced animals using the DNeasy Tissue kit (Qiagen. inc., 
Valencia, CA). To deter; integrated PCS sequences, quantitative real- 
time PCU was done in a 25 ;.d. reaction mixture containing genomic. 
DMA front liver tumor or tissues of ACE-GlT-infected .mice. 1 2.5 »L of 
2s; Tatjnwn Universal PGR Master Mix (Pi: Applied Bwsystems. corner 
City, CA), 300 mnoj/Uach primer, and 500 rnnpj/tfluoft-igenie probe. 
'Amplifications were carded out in duplicate 0Mc>g the AS! Prism WOO 
sequence detector (PS Applied ftiosystemsl; after initial denaturatton 
( JO minutes at 95*C). amplification was done with 40 cycles of IS 
seconds at !>S*C and 00 seconds at 60 "C To calculate retrovirus copy 
number in the samples, a reference curve was prepared by amplifying 
serial dilutions of pACf: -Cf'P piasmid in a background of genomic DNA 
from untratisduced normal bone marrow ceils and by plotting C, values 
against the input plasmid, The threshold for vector deiection was 
determined by a control sample wish no piasmid. The primers and 
ptobe fot analysis oi' vector copy number were designed to target the 
4070A amphotropic envelope gene |4O/0A, 5' GCGGACCCG- 
GACriTrG,v:V(foAvajci), .f-ACCCCGACnTACGGrATCCls' (nrvarse), 
and } ; .AM-CACCCCACACCTAAAA.NPQ (probe) j Mouse SS-actin was 
also (itiamified as an Internal control gene In each reaction jJVacdn, 
:> o.G'iU. :/'.;;: .••.( A< J.:. ATi'GT ?' {forward), S'-CrcCPACArGGGCA. 
CAGIGT-3' (reverse), and cAM.CCCGTCrCCCCAGTCC-NfQ 
(pr«be}j. 

Statistical analysis. Statistical analyses were, done with Student's 
; test to determine significance. Coefficient of determination if') values 
>0.!S> were defined as a strong correlation. P values <0.05 were 
considered statistically significant in all analyses, which were done 
writ; Prism 4 statistics! software ( CraphPad Software, San Diego, CA). 



Results 

RCR vector replication and transgem trawmisskm in human 
and murine colorectal cancer cell lines. The Mi.V-based RCR 
vector ACE--GFP (21) contains an encephaiomyacarditis 
IRES-GPP cassette inserted pre.dse.ly at the em stop codon, 
3'- -untranslated region boundary (big. CA). Compared with 
previously described replication-competent MLV vectors con- 
taining transgene inserts in the 113 re.gioti ;>f the 3' lottg 
terminal repeat (27-2'i), this configuration greatly improves 
genomic stability over multiple replication cycles (19, 20). 
Vims stocks were prepared by transient transfeetion of 233T 
cells wish pACE-GPP piasmid, and the titer of initial vector 
stocks as determined by bow cytometric analysis for GPP 



expression, after infection of hum an (WiDr) and murine 
(CT26) colorectal cancer cell lines in the presence of .T'-axido- 
3'-deoxythyroS<Hne So inhibit virus replication, ranged between 
2 x 10 s and I x 10* TU/mL 

Replication kinetics and transgenic transmission eflkieocy at 
I'owMOl were then examined by flow cytometric monitoring of 
GPP expression at serial time points alter infection with AC.i-i- 
GPP in the absence of b'-azido-.T'-deoxydwn-ndine. It! WjDf 
human colorectal cancer cells, the initial percentage of Gf'P- 
positive cells was already - 25% by day 3 after infection at a 
MOJ of.O.i aadifjoeased rapidly to reach 97% by day 9. Abet 
infection of WiDr cells at a MO! of 0,01, a lag phase of about 3 
days was folio-wed by logarithmic increase in GPP expression, 
which readied >90% by day 1.2 (Fig. IB, left). Subsequently, 
GPP expression in the fully transduced WiDr ceil populations 
remained stable for at least several months. WIDt cells were 
also infected with another MLV-based RCR vector, AGE-CilO, 
expicssing the yeast cytesme deamimse (CD) suicide gene, at a 
HOI of 0.1 In parallel with ACE-GFP produced utKfer idetuicat 
conditions. After an IB-day culttire period, >S5% traiisdttctton 
byACE-GPPwas confifrned in the parallel control ceils by Slow 
cytotne.tty. As the CO esizy.me converts the nontoxic psodtng 
5PC into the chemotoxin 5-fluorouraci; directly inside infectexl 
Usiiiot cells, in vitro cytotoxicity was then examined by MI'S 
assay after exposure of transduced cells to the 5 PC prodrug (Pig. 
IB, right). Whereas ACb-CPl'-tratisduced cells showed no 
growth inhibition alter SVC treatment, the ceil viability of 
AGE-CD -transduced cells was reduced by >80% after 5 days of 
exposure so the prodrug. Similar tesuhs were .obtained after 
ACK-GPP transduction of the CT2S murine: colorectal catrce.r 
ceii lute, altitougit the increase in the percentage of GFP- 
positiw cells was sotncsvha!, slower, taking 12 -days fo reach 
92% at a. MOl of 0.1 and showing a lag phase of a little tinder 
6 days followed by logarithmic increase to >90% by day I S at a. 
MOi of aOI (Pig, !C, left). Ah with WsOr ceils, the fully 
transclirced Gl'26 cell populations showed stable GPP expres- 
sion for at least several months. To confirm further RCR 
production from this stably transduced cdi population 
(CKSeGPP), fresh CTM cultures went infected with condi- 
tioned cell culture supernatant bore the CT26.GPP ceils. 
Subsequently, the percentage of Gl-f'-positive cells increased 
and reached >95% in a same kinetics with that in the initial 
experiment (data not shown). Also as above, >85% reduction 
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viability after ol-C. treatment 
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i). Thtrs, the: RCR 
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Inrnian anrt nturine t:oioret:i.a! t atner red tines, as conOrmed t;y 
GPP transmission and sincufe gene activity. 

RCR mct&t medutm immumoral spread of GPP in s.c. 
ailorecUl! ameer models. We first evaluated the in free trans- 
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in s.c. tumor model* established by inoculation oi" f I 
WiDr human colorectal cancer cells in nude mice and 5 * I 
CHS murine colorectal cancer ceils in syngeneic BAi.B/c .tni 
nespectively; the more aggressive growth rate of the CI 
tumors necessitates a smaller Initial inoculum. One week ai 
establishment, each tumor was injected with I x 10* TU to 
dose of the ACi-.-GrP vet:;ot. At weekly intervals, cohorts 
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tumors were excised and disaggregated into single-ceil suspen- 
sions by cofiagena.se treatment and immediately analysed by 
flow cytometry to evaluate the percentage of GPP-positlve cells 
within each tumor, in s c.. WIDr tumors, the percentage of GFP- 
poshive cells averaged 1S% at 1 week and reached >50% by 
2 weeks after viras injection. In s.c CT26 tnrnors, the percen- 
tage of OFP-positive cells increased >7-tbid betsvoen weeks 2 
and i after virus injection, from <3% to - 20% of the entire 
tumor mass (Fig. 2). These results are consistent with the 
previous results of in vitro RCR replication kinetics it) each cell 
line, with nsore rapid transmission of the GF1> transgene 
observed in the human colotecta; cancer cell line. Although 
even higher lewis of tumor transduction could presumably be 
achieved starting front the same initial RCR dose if virus spread 
was allowed so continue, further monitoring was not possible, 
as both WiDr and Ci'26 tumors had grown to the size limit of 
2,500 mnr* as cienttcd by institutional guidelines by 2 to 3 
weeks after virus injection.. 

Comparison of optical imaging and flow cytometry in 17126 s.c. 
tumor modd. We also used a CCD optical imaging system to 
examine tne C FP stgaa from RCR-transduced CT26 turoots. 
First, to determine the. sensitivity, specificity, and linearity of 



GFP fluorescence signals detected by CCD optical imaging, s.c. 
tumors consisting of uninfected patents] Ci'26 cells mixed with 
ACE-Gi-Ftrainsdnced GT26 cells (CI'26. GPP) in various ratios 
(0-1 00%) were established in BAt J3/c mice and then excised 
and analyzed by optical Imaging 2 weeks later. All of the Cl-P 
fluorescence images were taken under the same conditions 
2 weeks after tumor establishment. After imaging analysis, each 
rumor was digested and analyzed by flow cytometry to compare 
the percentage of GFP-positive cells with the imaging results 
The GFP fluorescence signal intensity and the percentage of 
GFP-positive cells its eattb tumor were shown in Fig. 3. The 
comparative results show the strong correlation between the 
signal intensities and the percentage of G!-P-expressi«g cells in 
the tumors {r *= 0.91; P < 0.0001). 

Lacorepornd infusion of ACE- GFP rector supernatant remits in 
widespread end progressive transduction of multifocal CT26 liver 
metastases. We then tested the ability of the RCR vector to 
transduce hepatic, metastases in vivo aflet direct locoregiona! 
infusion of vims supernatant it;, syngeneic BALB/c mice. 'Hi is 
tesnlts in the rapid development of multifocal tumors in she 
liver that generally prove fatal about 4 weeks later, t hree days 
after tumor establishment by portal infusion, a total close of 
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Analysis of ACE CFP btodhtribuUotu To 
ACE-GFP distribution within the liver, tissu. 
examined by anmunobisttKhemsslry using ar 
body. Consistent with the. results irons optical imaging 
slow cytometry, tumor masses showing strong positive m 
could 'be observed at 4 weeks after virus injection (S ; k 
However., there was no staining for GFP it! the normal 
parenchyma, suggesting that vital replication was well rest: 
to therapidiy dividing cells within the tumor foci. Similar! 
signals were detected in exiratumoral norma) tissue 
fluorescence imaging or standard PGR methods (data 
shown), For more rigorous detection of any possible 
vector spread to norma! organs, quantitative real-time 
analysis of genomic DNA extracted from peritumora; normal 
liver tissue, bone marrow, lung, kidney, small intestine, and 
colon was done using primers and probe sequences specific for 
the 4Q70A amphotropic envelope (Table i). This method was 
determined so he sensitive, enough to detect 35 copies of the 
RCR provirus per S / 10* ceiiuiar genomes (0.0?%}. As 
expected, provirai ECR signals were strongly detected in 
genomic 0NA from AOt-CFP-transduced tumor tissues. How- 
ever, no detectable signals were observed in genomic PNAfrom 
uniuvolved norma! liver tissue or any other extraturnomi 
normal tissues after AGf.-Gi-P tumor transduction. 



In the present study, we used both optica) imaging as well as 
flow cytometric analysis to examine GPP expression in 
multifocal tumors after locoregional delivery of a RCR vector 
its a. syngeneic model of colorectal cancer metastasis to the liver. 
This vector was capable of efficient in vino transduction in both 
human and murine colorectal cancer cell lines, reaching >90% 
transduction levels within <2 weeks in culture starting from 



1« J C v iilllWllUO I «CfP 

q -.10°': ti/100 nt; wgsir.psfeti ;ntoaw.h it«nw1 v«i»ik siwr mrrxx wrabtis.hsn<sf»t. 
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s>iims;sifHi, Oxunws. "Kan in » 4 tofeaob croup at fjscis time point): Swis. SO 
\/»<0.05. 



2 y i0' ill ACE-CPP virus supernatant in 200 pi. total volume 
was infused by the same route, and 2 and 4 weeks later, she 

virus infusion, only very small areas of weak GfT expression 
•cotilti fee observed in sonic minors by fluorescence imaging. 
However, by 4 weeks after injection, there 'were significant: 
increases in the imeosdy and area of GFP expression that conk! 
be observed lit multiple tumor sites (fig. <}A and B). 

Tumors larger than 5 mm in diameter were randomly 
dissected from the liver tissue of mice, digested with collage- 
nase, am! immediately analyzed by flow cytometry to evaluate 
the percentage of ACifGPP- transduced cells. Despite the- 
development cd' multifocal river tumors in this metastatic colon 
cancer model, the transduction efficiency of RCR-mediaied GI-'P 
marker gene transfer averaged 2 9% (range, 0-11%) and 30% 
(2.8-60%) in liver tumors at .2 and 4 weeks after virus infusion, 
respectively (Fig. 4C}. Thus, there was again a positive trend 
toward increasing transduction levels over time, although the 
GT26 hepatic metastases were lethal within 4 to S weeks and so 
later time points could not be examined. 



1x10'° 



0 10 20 30 40 $0 60 70 80 90 100 
% GFP positive cells 



f : ig, 3. Sf'iina: ip'ons-ty ci C-iSf' ih::,(as<.<::v:r imsiyirvrj a.-xi t:;<: p«.-.';;i:"W:;;;8 ui 

I 5 ri ! ~ f i z ti <? m * n 

ves'i 1 s > i j o1 

&i r P-o:,';srsss::>u cf:!w tivj f.tiBicterd s.e Wi^ois. ier Or? iiso ray. zw.s i'f.;,si:'.i; vvms 
i< F I to v a V-t W ^soi^eJ with 

AC; r> o 3 iitios tw0< than the m ! " ■> 

rim I'm " - * " tumors were excised ww anaiyzed 
yrGrf r r - <■ > - r- < >n by toy,' cytometry. Tixss'tg 

»r*iiess1 i i i . >e:et 5 femihe 

tumora {r* =• 0.9t P < 0.0001). 



Clin Cancer Res 20GS;12(23) December 1, 2006 



7112 



www.aacrjoumals-org 



Locorsgiorrni' Delivery of RCR Vecto epst 1 ' Modi 



m I Al .H- 1 i J I 

(jfss«t.iauid<md ;if,aiy,-js<j oy ftow ■-.Yto-iBOy iof GPP 
expression ;rresO-oi"-.>; point vecior 

V, i j ( I ( ( ! ) 

inoculation. The sxenstw of GPP signs; and ite 
ptseeraage of OFP twrmsOn;! rM'i signiferaiv 
i!H; f f;;isofl in Rvof tumor mode). ?ci>uv. sns,m oJ four 
mice. './>< 0.06. 







• 


4» 







pfS/Cf!5 ! »'Sf 



! tX-0* 



NOVfSCtOf 2W8SK.S 4w«f5XS 

Wseks after virus irsjectioo 



C 

ISO 
« 80 

1 ®> 

a so 
o 



MOIs of 0,1 to 0,01. 7b mw, comparative analysis showed that 
optical imaging allowed rapid and convenient examination of 
overall CEP expression and distribution, and the results 
obtained with this modality were generally highly well 
correlated and quite consistent with the more precise quanti- 
tation alfotded by flaw cytc»metry. 

These experiments also showed that locotegional infusion of 
RCR vector supernatant via the porta) system cart mediate 
specific and significant transduction of multiple metastasized 
fiver tumors, even in insmunocompetetti hosts. The average 
transduction efficiency of randomly harvested liver tumors 
>S mm in size was about 30%, with transgene expression in 
some tumors teaching up to 60% by 4 weeks after injection of 
2 x io* total .RCR vector supernatant. In contrast, in prior 
studies ttsing '20-fold higher levels of rcplication-defeaive 
retrovirus vector supernatant delivered via the same route, 
transduction could he detected in only 2% or iess of ail 
metastatic intrahepatic tumors and did nest account for >5% of 
the tumor ceils in any positive tumor (25). 

tumor growth; multifocal turoot growth in the liver resulted In 
lethality 'within 4 to 5 weeks after tumor Cell inoculation. 
However, in clinical situations, generally, tumor growth in 
many human malignancies can be slower than that of 
experimental tumors originating from cancer cell lines, and 
this is predicted to affect the replication kinetics of RCR spread 
within the tumor mass. Allowing a longer period for intra- 



tttmora! spread after Initial vital infection, or administering 
higher dose of virus to achieve a higher level of initial 
transduction and shorten the lag phase, could enable trans- 
duction of larger numbers of cancer ceils. However,, it should 
also be noted that the. retrovirus has the capability to 
permanently Integrate into the genome of tire host tumor ceil 
and will continue to produce progeny virus transcribed f ont 
the. integrated copy whether the infected tumor ceil is itself 
dividing or not Thus, once any tumor cells have been infected, 
these will serve as a stable source for continued virus 
production so that the vims will still he. available when 
adjacent uninfected tumor cells eventually divide eve.fr if this 
occurs slowly. 

There was also a considerable heterogeneity of the level of 
transduction among multiple liver tumors: this is crises 
consistent with previous experiments using insraspleoic infu- 
sion lor retroviral vector supernatant and proeince.r cell deiivety 
in similar hepatic metastasis rnodeis (25), which represents one 
of the few studies to rigorously examine lite transduction levels 

eel is were Introduced via iaitasplenii: infusion, the majority of 
metastatic tumor foci showed a median level of transduction 
wJthln -any given tumor of only 5% to 10%, with about 90% of 
transduced tumors showing transduction levels of <30% (25). 
With RCR vector infusion, we observed a binrodal distribution 
of intratttmorsl transduction efficiency, with almost half of the 
tumors -showing transduction levels of 30% or more but half of 
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the tumors showing transduction levels of 10% or less. This 
suggests that tumor e*tabii»bm«ni in this model is so aggressive 
that some of the multifocal tumors thai formed had very few 
ACB-Q-y'-iransduced cells to begin wids and showed the 
usefulness of optical imaging to understand the topological 
distribution of vector spread compared with overall average 
transduction levels determined from flow cytometry. This high 
level of heterogeneity in the transduction level among different 
tumors- also suggest* that she RCR vector itself is incapable of 
spreading through normal liver parenchyma from tumor to 
tumor. 



One possible .reason of this heterogeneity is that, despite a 
more even .distribution of the initial virus inoculum, cine to the 
aggressive nature of this model secondary tumors might have 
formed from the initial tumor nodules, some of them at very 
early time points after RCR vector injection, before significant 
vims spread had occurred. Because a small difference of the 
level of initial transduction it) each tumor would result in a 
large difference during the louariihrok replication phase, it 
would take kmger time to achieve higher level of transduction 
of iuraors with low levels of initial transduction, -such as 
secondary tumor. Another possibility, which can occur com- 
monly it} human disease, is the formation of lumot thrombi 
(i.e.. clumps or small nodules of cancer cells in the lumen of 
the portal vein that .might obstruct the transfer of injected 
retrovirus to tumor foci distal to the obstruction}. To increase 
die amount of virus particles transferred to the. targeted .'tumor 
sites, ttartseatheiec hepatic arterial infusion of therapeutic virus 
bv a vesentar iruervennonal rauioioKV nroeeuu.-e oiiejai. enable 



us to 



ICtiVi 



catheter sehx,;ve!y into the section of intr 
supplying the tumor vasculature in addition, 
transduction efficiencY oi replication- detective 



!i prove: the 
vectors in 



supernatant, iruection oi convention,:) retroviral veaor product - 
er cells has been reported to achieve major improvements in 
transduction efficiency (25, 30, 31), and a similar approach 
could be used with RCR vector producer cells. 

For the clinical use of replication-dendent retrovirus vectors, 
the possible production of RCR has been a major concern 
because of the risk of pathogenic insertion of virus genome into 
host genomic DNA. Theoretically, most normal cells could not 
be infected with. RCR because of the intrinsic selectivity of MLV 
solely for actively dividing ceils. However, the possibility still 
remains that softie normal dividing ceils infected with RCR 
vector might increase the risk of insertions! mutagenesis. 
Certainly, the RCR vector described its tins study also has the 
potential to transduce actively dividing normal cells, such as 
endothelial ceils, fibroblasts, lymphocytes, and bepaiocytes. 
However, despite the use of an uatargeted RCR vector in this 
Study, we could nan: detect the transgene sequence by PCR 
analysis in any norma! tissues, including lung, liver, small 
intestine, colon, kidney, and bone marrow. Consistent with 
this result it has been reported previously that alter i.v. 
injection of wild-type MIA', although low levels of transduction 
were detected its bone mairo 



si'" 



Table 1. Siodistributicn of RCR vector 4 weeks after locoreofona: virus infusion in Immunocompetent hepatic 
metastasis model 

Copy number of RCR vector/ 5 10" cetts 

Mouse Tumor Bone marrow Liver lung Kidney Smaii intestine Coion 

AOe Gf'-i 2960 - - - - - i 

ACe-GfP-2 2995 -■ - - ~ - ! 
ACE-GFP-3 7890 



NOTE: Genomic SNA, extracted from fiver tumor, bone marrow, norma! tiver, lung, kidney, smaff bowel, and coion -tissue of ACe-c>fp-infect.ed 
mice, was analyzed by quantitative mal-time PCR as described in Materials .and Methods. As i a w o - > l «H act 

with mouse p-actsn-specific primers. 

"Not detectable (detection iimit was 35 copies/5 >■ tO 4 cetis). 
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real-time PCS, ihere was t 
tissue after itijettiot) into in 
is consistent with the dass; 
niogetiesis, which occurs a 
noiogicalty immature w 



raijsductioo observe in any 
mocompetem mice (24). This 
sports of MfA'-iodueed ieuke- 
virus inoculation in innxiu- 
im mice but not in fully 



immunocompetent adult mice (32), and studies conducted 
before the initiation of the first gene therapy trials in humans 
showing that wifd-iype amphotropic MLV is nonpathogenic in 
nonnai innDur.oH.in-jpetetii prhritues after i.v. injection (33), 
hone marrow transplantation {34}, or even producer fibroblast 
implantation with immunosuppression {33}, Furthermore, 
administration of ami- retroviral drugs, such as 3'-azido-3'- 
deo.xycbyrnkftae, could effectiveiy eliminate viral contamina- 
tion of bone marrow and spleen in nude mice (24), 
Additionaiiy, with suicide gene shetapy using RCR vectors, 
prodrug administration would not only kill inferted cancer 
cells but also urtimexslionaUy transduced noncancerous cells. 

Additional mechanisms to enhance tumot selectivity could 
be added by making alterations to the vims construct. To 
improve the selectivity of retroviral vector targeting, major 
advances have been made in the modification of retroviral 
envelope (35, 36) or replacement of the transcriptional control 
elements within the IB region of the long terminal repeat with 
tissue-specific promoters (37-39). Envelope modifications that 
allowed specific adhesion of conventional replication-defective 
retroviruses to exposed collagen in tumor nwvasculasure were 
reported to improve therapeutic efficacy in liver metastasis 



models {40-44}.. We have shown previously high specificity 
and effective replication of RC8 vector transcriptionally 
targeted to the prostate epithelium by replacement of the U3 
xegan wt'& sequences from the piobasixs promoter {18}. For 
colon cancer, the careinoecnbmmie antigen promoter (40-- 44) 
might be a suitable candidate, for transcriptional targeting. 

Our results thus show that RCR vectors can efficiently replicate 
and achieve significant levels of rumor transduction even in 
immunocompetent hosts, and locotegiouai infusion of RCR 
vectors via the splenic -vein can mediate highly efficient 
transduction of multifocal liver tumors without detectable 
spread to normal tissues. Therefore, RCR vectors may represent 
a highly suitable vehicle for delivering therapeutic genes 
selectively to metastatic tumor cells in the liver while sparing 
normal hepaiocyies. Furthermore, stable integration of RCR 
vectors in -he host eel! genome may allow greater persistence of 
therapeutic gene expression compared wish many other repli- 
cating oncolytic viruses, which often rapidly loll the host eel! 
during infection but achieve only transient tumor suppression. 
We are now further evaluating the therapeutic efficacy of RCR 
vector-mediated suicide gene and immumxyiokine gene transfer 
for treatment of colorectal cancer metastasis. 
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